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DOCUMENT-IDENTIFIER: US 6216205 Bl 

** See image for Certificate of Correction ** 

TITLE: Methods of controlling memory buffers having tri-port cache arrays therein 

Application Filing Date ( 1 ) : 
19980521 

Brief Summary Text (23) : 

According to yet another preferred aspect of the present invention, the memory 
cells in the supplemental memory array may comprise dynamic random access memory 

(DRAM) cells having very substantially reduced unit cell size coctipared to the unit 
cell size of a conventional dual-port buffer memory device (e.g.^ dual-port FIFO) 
having dual-port SRAM cells therein. Here, the ratio of the number of memory cells 
in the supplemental memory array (e.g., DRAM array) relative to the number of 
potentially significantly larger tri-port cells (e.g., tri-port SRAM cells) is made 
so high that the total size of the supplemental memory cells and tri-port cells is 
only slightly greater than that of the supplemental memory array alone. For 
example, according to the preferred embodiment of the present invention having four 

(4) tri-port registers, the supplemental memory array may be designed to contain 
2048 rows . times . 2304 columns 4^718,592 DRAM cells. The tri-port memory array may be 
designed to contain 4 . times . 1 8 . times . 128=92 16 tri-port cells. Thus, even if the 
unit cell size of a tri-port cell (e.g., SRAM tri-port cell) were to be thirty two 

(32) times as large as the unit cell size of a single DRAM cell, the total area of 
DRAM and tri-port cells would only be 6.25% greater than the total area of the DRAM 
cells alone. Therefore, the present invention may consume a total area which is 
approximately equal to a conventional DRAM device of equal capacity. However, to 
the outside world, the present invention provides a sequential buffer memory device 
with the most preferred features of a current state-of-the-art dual-port-cell based 
buffer memory device, yet requires only a fraction of the area. 

Brief Summary Text (28) : 

Preferably, the step of determining a next-to-read register as the second free 
register is closely followed by the step of transferring next-to-read data relative 
to the data in the current read register from the supplemental memory array to the 
second free register. Moreover, in the event the memory device contains read row 
and write row pointers which point to respective rows in the supplemental memory 
array, the step of performinq read arbitration is preferably preceded by the step 
of updating the read row pointer so that the value of the read row pointer can be 
used during read arbitration. For example, a step can be performed to compare the 
values of the read row and write row pointers and then assign one of the four 
registers in the cache raeraory array as the next-to-read register based on the 
outcome of the comparison. Tlii.s next-to-read register then receives next-to-read 
data relative to the data in the current read register. Here, the write row pointer 
is controlled to point to a current write row in the supplemental memory array 
which is to receive data from the current write register once the current write 
register has been filled. The read row pointer may also be controlled to point to a 
row in the supplemental memory array which contains next-to-read data relative to 
the data in the current read register. Then, during performance of the read 
arbitration step, the next-to-read register is determined as the current write 
register if the read row pointer points to the current write row when the step of 
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c(:>[r!Dar.i.:ci.q the read row and write row pointers is performed. 
Detailed Description Text (30) : 

As best illustrated by FIG. 9, the operations 400 for performing write arbitration 
include determining a next-to-wr:ite register as a first free register in the cache 
memory array if the current j:ead and write registers are different registers. 
Blocks 402 and 404, or as th- next-to-read register if the current read and write 
registers are the same regi^L^.er, Blocks 402 and 406. Here, the operations for 
determining whether the curr^:it read and write registers are the same or different 
at Block 402 are preferably ;er formed by comparing whether the values of the 
current read register pointe:: 17a and current write register pointer 19a of FIG. 1 
are the same. Alternatively, the values of the read row and write row pointers 25 
and 23, respectively, may be co: spa red to determine whether the current read and 
write registers are the same or different. For example, the read row pointer 25 may 
be preferably configured to prrovide a first pointer to the row in supplemental 
memory 30 containing data in the current read register and a secorici poin t er t o the 
row containing next-to-read data relative to the data in the current read register. 
Thus, a direct comparison of equivalency between the value of the first pointer and 
the value of the write row pcinter could be made. However, because a comparison of 
the read and write row pointers may be more computationally complex (e.g., 
requiring an 11-bit comparison) than a comparison of the values of the current read 
and current write register p i.nters (e.g., requiring a 4-bit comparison if each 
register is assigned one bit ^^ntry within a four-bit register) , a comparison of the 
current read and write regi.^^er pointers is preferred. 

Detailed Description Text (31) : 

As illustrated best by FIG. 10, the operations 500 for performing read arbitration 
include determining a nex t- to- read register as the current write register if the 
current write register coata.ins next-to-read data relative to data in the current 
read register, Blocks 502 and 504. Read arbitration operations also include 
determining the next-to-read register as a second free register in the cache memory 
array 20 if the current read and write registers are different registers and the 
next-to-read register is not trie current write register, Blocks 502, 506 and 510, 
or as the next-to-write register if the current read and write registers are the 
same register. Blocks 502, 5>.;G and 508. According to a preferred aspect of the read 
arbitration operations 500, ' ne operations for determining the next-to-read 
register as the second free '" agister are closely followed by the step of 
transferring next-to-read da' relative to the data in the current read register 
from the supplemental memory array 30 to the second free register. Blocks 502, 506, 
510 and 512, via the steering crrcuitry of FIG. 1. As with the write arbitration 
operations 4 00, the operations for determining whether the next-to-read register 
and the current write regrst^-r are the same or different at Block 5 02 may be 
performed by comjoaring the v., lu-s of the read row pointer 25 and write row pointer 
23 to determine if they point to the same row in the supplemental memory 30. 
However, the operation for determining whether the current read register and 
current write register are th^- .-^ame or different at Block 506, is preferably 
similar to the operation described with respect to Block 402 of FIG. 9. In other 
words, a comparison of tt.e c^Mrrent read register pointer 17a and current write 
register pointer 19a may be ] -r formed. 

Petal] , ed D o sc ription Text ( 3 ' ; : 

Here, the operations for pe:. jrming read arbitration are preferably preceded by an 
operation to update the reacl row pointer 25, as described more fully hereinbelow 
with respect to FIG. 6., so ;-'^;at an updated value of the read row pointer/counter 
25 can be used for comparison with the write row pointer/counter 23. For example, 
an operation can be perfoniK:'; during read arbitration to compare the value of the 
read row pointer 2 5 (which |;) : s f.^rably points to a row in the supplemental memory 
containing next-to-read data rerative to the data m the current read register) 
with the value of the vjrite r pointer 23, and then assign one of the four 
registers in the cache m^^raor" array as the next-to-read register based on the 
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outcome of the comparison. TVis assigned next-to-read register then receives next- 
to-read data relative to the ^.iata in the current read register, as illustrated by 
Block 512 d.n FIG, 10. Here, '"'"le write row pointer 23 is preferably controlled to 
point to a current write rov^ \r\ the supplemental memory array 30 which is to 
receive data from the currerr \/r:ite register once the current write register has 
been filled. Then, durin:; pe ^ormance of the read arbitration operation 500, the 
next-to-read register is del :.:nined as the current write register if the read row 
pointer 25 points to the cuv nt write row when the step of comparing the values of 
the pointers is performed, [?; :r:ks 502 and 504. The next-to-read register is also 
determined as the next-to-wj. 've register at Blocks 506 and 508. if the current read 
row is the same as the curre: : write row because the current read register pointer 
17a and the current write re-',_ster pointer 19a contain the same value. 
Alternatively, although less ..-referred, the read row pointer 25 may also provide a 
pointer to the current read row (which is typically one row below the next-to-read 
row in the supplemental n.emor/ array 30) and this pointer may be directly compared 
(e.g., as an 11-bit operand) ■.n.i'.h the value of the write row pointer 23. 



CLAIMS : 



5. The method of claim A, vj].^ - cLn said step of performing read arbitration 
c omp rises c c; n]jr)ci_r:i_n g_ the r e a c.: rovj and write row pointers. 



6. The method of claim 5, 
row in the supplemental rnerrr 
current wra. Le register; and 
comprises determining the 
the read rovi pointer points 
the read row and write rov-/ r 



v3in the write row pointer points to a current write 
. array which is allocated to receive data from the 
;ecein said step of performing read arbitration 

-to -read register as the current write register if 
; the current write row when said step of coiT^aring 
.nters is performed. 



7. The method of claim 2, wh 
register pointer which pr.i.nt 
register pointer which pc ml 
of performing read arbit int."^ 
pointer to the current v/nite 
register should be assign ocJ 



"ein the memory device contains a current read 
to the current read register and a current write 
to the current write register; and wherein said step 

1 comprises compar ing the current read register 

.egister pointer to determine whether the next-to-read 

.; the next-to write register. 



8. The metliod of claim 6, 
register pointer which pci 
register ■ ) c > .i. n t e r wh i c h p c : 
of performing read arbitr 
pointer to the current v;r:i 
register should be assiqnv 



.ein the memory device contains a current read 
to tlie current read register and a current write 
to tiie current write register; and wherein said step 

1 comprises comparing the current read register 
.-7isLer pointer to determine whether the next-to-read 

; tlie next-to write register. 



9. The method of claim 8, v/ne-ein said step of performing write arbitration 
comprises c:o rriparinq the ..:nrr--nt read register pointer to the current write register 
pointer to determine whe' ".c^i ^. h. '^ next4o-write register should be assigned as the 
next-to-read register. 



32. The method of claim / 
row pointers which point 
wherein said step of perl 
updating the read row po:: 
comprises coniparing the v 



lie rein the memory device contains read row and write 
to ' ^.spec tive rows in the supplemental memory array; 
or. n J read arbitration is preceded by the step of 

- : and wherein said step of performing read arbitration 
. ot the read and write row pointers. 



33, The metliod of claim 3.':, 
register pointer which };oi] 
register pointer which poii 
of performing read arbitrnit 
register pointer and the ■:\ 



ereao! the memory device contains a current read 

the current read register and a current write 
to the current write register; and wherein said step 

comprises comparing the values of the current read 
.it 'write register pointer. 
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DOCUMENT-IDENTIFIER: US 6560670 Bl 

TITLE: Inter-row configurability of content addressable memory 



Application Filing Date { 1 ) : 
20000614 

Brief Summary Text ( 4 ) : 

A content addressable memory (CAM) sy;#tem is a storage system that can be 
instructed to compare a specific pattern of comparand data with data stored in its 
associative CAM array. The entire CAM array, or segments thereof, is searched in 
parallel for a match with the compararKi data. The CAM device typically includes a 
priority encoder to translate the highest priority matching location into a match 
address or CAM index. 

Brief Summary Text ( 5 ) : 

The CAM array has rows of CAM cells that each stores a number of bits of a data 
word. U.S. Pat. No. 5,440,715 describes a technique for expanding the width of the 
data words beyond that of a single row of CAM cells. Multiple data words can be 
width expanded together to form a data line. It appears, however, that the CAM 
system of the '715 patent will not always output the correct match address. For 
example, assume a first data line of two data words ZY is stored in data words 0 
and 1, respectively, and a second data line of two data words WZ is stored in data 
words 2 and 3, respectively. When a comparand data line of WZ is provided for 
comparison, the first cycle compare with W will indicate a match with data word 2 
only. The second cycle compare with Z will indicate a match with data words 0 and 3 
and match lines MLO and ML3 will be activated. When the priority encoder is 
enabled, it will output a match address of 0 instead of 3 since MLO is the highest 
priority match line. 

Brief Summary Text ( 6 ) : 

Additionally, it appears that the CAM system of the '715 patent will not always 
function correctly when each data line has different numbers of data words. For 
example, assume that a data line of 5 words VWXYZ is loaded into data word 
locations 0-4, and a data line of 4 words VWXY is loaded into data word locations 
5-8. When a comparand data line of VWXY is provided to the CAM array, ML3 and MLS 
will both be activated and the priority encoder will incorrectly output an address 
of three that stores the last word of a five word data line and not the last word 
of a four word entry. 

Brief Summary Text (12): 

A method of searching for a matching data word chain in the CAM array is also 
disclosed. For one embodiment, the method includes determining the address of a 
first row in the CAM array that stores data matching a first data word in the data 
word chain, and determining that a second row in the CAM array stores data that 
matches a second data word in the data word chain and the address of the first row. 
The method may further include appending a null pointer to the first data word, and 
comparing the first data word and the null pointer with the data stored in the CAM 
array. The method may also include appending the address of the first row to the 
second data word, and comparrnq the second data word and the address of the first 
row with the data stored in the CAM array. 
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Brief Sumitiary Text (14): 

Another embodiment of invalidating one or more valid data words of a data word 
chain stored in ■ a content addressable memory (CAM) array is also disclosed. The 
data word chain comprises a sequence of n data words each stored in a unique row of 
CAM cells of the CAM array^ where n is an integer greater than one^ and wherein 
each data word has an associated pointer stored in the same row as the 
corresponding data word. The method includes (a) determining that the CAM array 
stores the data word chain; (b) comparing the address of the row in the CAM array 
that stores the nth data word with the pointers of each of the data words; (c) 
setting x equal to the pointer of the nth data word; (d) setting y equal to the 
address of the row in the CAM array that stores the nth data word; (e) invalidating 
the data word at address y; (f) comparing x with the pointers of the remaining 
valid data words; (g) setting y equal to x; (h) setting x equal to the pointer at 
the address of x in the CAM array; and (i) repeating (e)"(h), inclusive, until x is 
equal to a null pointer associated with the first data word of the data word chain. 
The method may further include invalidating the first data word of the data word 
chain . 

Detailed Description Text (4): 

FIG. 1 is a block diagram of one embodiment of a CAM system 100 that includes a CAM 
array 102, priority encoder 104, write circuitry 106, address decoder 108, 
comparand register 110, and one or more mask registers 112. Other CAM systems may 
be used. CAM system 100 may also include other well-known circuits including an 
instruction decoder or control logic, read circuitry, and flag logic for generating 
a match flag, full flag, and multiple match flag. CAM array 102 has n rows of CAM 
cells 116 (0) -116 (n-l) , where n is any integer, that may be any type of CAM cells 
including binary or ternary CAM cells. Each CAM row includes a pointer field 114 
and a data word field 112. The data word fields each store a data word in a data 
word chain that includes a sequence of one or more data words. The pointer fields 
each store a pointer for the associated data word of the same row. The first data 
word of each data word chain is assigned a null pointer that is a predetermined 
number. For other embodiments, the last data word may be assigned the null pointer. 
The null pointer may be a number that is greater than n so that it is outside the 
addressable range of rows of the CAM array. For another embodiment, a separate bit 
or bits may be used to indicate the null pointer. All data words other than the 
first data word in a particular data word chain are assigned a pointer that is the 
address or index of the previous data word in the chain. In this way, the data 
words in a data word chain are linked together regardless of where in the CAM array 
each of the data words is stored. 

Detailed Description Text ( 6) : 

A search key or compara^^^ data may be provided to the CAM array for simultaneous 
comparison with the pointers and/or the data words. The comparand data is provided 
on the CBUS and may be stored in coraparand register 110. The results of a 
comparison operation are indicated on match lines ML ( 0 ) -ML (n-l ) and provided to 
priority encoder 104. The priority encoder determines the index or address of the 
highest priority matching entry and outputs the index to the REUS. Alternatively, 
priority encoder 104 may determine the index of the lowest priority matching entry, 
or use any other priority determination scheme. 

Detailed Description Text (10) : 

An example of searching for a data word chain that matches comparan^^^ data is shown 
in FIG. 4. First, at step 402, the null pointer is appended to the first data word 
of the data word chain to be searched. The first data word and the null pointer are 
then provided as j^or^a^rj^j^^ data and co[:ij;H^re^^^ with the entries in the CAM array. If 
there is no match, the process stops at step 414 and a no match condition may be 
signaled (e.g., by disabling a match flag). If there is a match, the index or 
address of the row in the CAM array at which the first data word is stored is 
output to the REUS via priority encoder 104 (step 406) . If there are no more data 



http://westbrs:9000/bin/cgi-bin/accum_query.pl?MODE-%20%20%20%20Display%20°^^ 6/3/04 



Record Display Form 



Page 3 of 6 



words in the data word chain {step 408), the process stops at step 414. If, 
however, there is another data word in the data word chain to be searched on, the 
index associated with the first data word is appended as the pointer for the next 
data word (step 410), and the next data word and its pointer are then provided as 
comparand data to the C7\M array and searched against all of the entries therein 
(step 412) . If there is a match, then the process returns to step 406 and continues 
until all of the data words of a data word chain are searched for in the CAM array. 
When there is no match at step 412, the process stops at step 414. 

Detailed Description Text (11) : 

The search process of FIG. 4 may be further illustrated by searching for data word 
chain ABC in CAM array 102 of FIG. 2. First, the null pointer 1024 is appended to 
the first data word A (step 402) . Data word A and the null pointer are then 
simultaneously searched against all entries in the CAM array (step 404) . A match is 
determined at row 0 and the index 0 output to the REUS (step 406) . The index 0 is 
appended to the next data word B (steps 408 and 410), and the concatenation 
compared against the entries in the CAM array '(step 412). A match is determined at 
row 1 and the index 1 output to the REUS. The index 1 is appended to the next data 
word C, and the concatenation compared against the entries in the CAM array. A 
match is determined at row 2 and the index 2 output to the REUS. Since there are no 
more data words to be searched, the process stops and indicates a match condition 
(e.g., by enabling a match flag). The index of the last data word C output to the 
REUS may then be used, for example, to access data stored in another memory. 

Detailed Description Text (16) : 

FIG. 8 is one embodiment of determining the existing tree structure of data word 
chains in a C7\M array before writing one or more data words of a new data word 
chain to the array. Steps 802-808 determine the extent to which any stored data 
word chains have common initial data words with a new data word chain. First, at 
step 802, the first data word of the new entry and a null pointer are provided as 
cocnparan.d data and coinpa red with all entries in the CAM array. If no match is 
found, then the null pointer is appended to the new first data word and the new 
data word chain and its corresponding pointers are loaded into available rows in 
the CAM array (step 810) using the process, for example, illustrated in FIG. 9. If, 
however, a match is found at step 802, then a data word chain already stored in the 
CAM array has a common first data word with the new data word. The new data word 
chain does not need to store its first data word and null pointer in the CAM array 
as this entry already exists. The index or address of the first data word stored in 
the CAM array is read from the REUS and appended to the next data word in the new 
data word chain as its pointer (step 804) . The next data word and its pointer are 
then provided as conip'a ra tvd data and c:ompaj:'ed with all entries in the CAM array 
(step 806) . If there is no match, the branch in the tree structure has been 
determined and the balance of the data words in the new chain are written into 
available rows in the CAM array (step 812) as illustrated, for example, in FIG. 9. 
If there is a match at step 806, then the searched data word does not need to be 
written to the C7\M array since it already exists in the CAM array with the correct 
relationship to the first data word. If there are no more data words in the new 
chain, the process stops at step 814; however, if there are more data words, the 
process continues until a mismatch condition occurs or there are no more data words 
in the new chain. 

Detailed Description Text (18): 

The process of FIGS, 8 and 9 can be further illustrated by writing the tree 
structure of FIG. 6 into the CAM array as shown in FIG. 7. For purposes of 
illustration, CAM array 102 is empty when data word chains ABCD and TVBDE are 
provided for storage. First, chain ABCD is written into CAM array 102. At step 802, 
the null pointer 1024 is appended to data word A and compeared with the entries in 
the CAM array. Since no entries are found, data word A and the null pointer are 
provided to write circuitry 106 at step 902 of FIG, 9. Since the array is empty, 
NFA and X are equal to 0 (step 904) . Data word A and the null pointer are then 
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written into row 0 (step 906), and index 0 is appended to data word B (step 910). X 
is then updated to the next free address of 1 (step 906) . Data word B and its 
pointer 0 are then written into row 1 (step 906), and index 1 is appended to data 
word C (step 910). X is then updated to the next free address of 2 (step 906). 
Similarly, data word C and its pointer 1 are then written into row 2 (step 906) , 
and index 2 is appended to data word D (step 910) . X is then updated to the next 
free address of 3 (step 906) . Finally, data word D and its pointer 2 are then 
written into row 3 (step 906) and the process stops (steps 908 and 912) . 

Detailed Description Text (19) : 

After chain ABCD is written into the array, chain ABDE is written into the array 
using the processes of FIGS. 8 and 9. At step 802, the null pointer 1024 is 
appended to data word A and the two are compared with the entries in the array. A 
match is determined with the entry that is already stored at address 0. Thus, data 
word A is not written again into the array. The index 0 is output to the REUS by 
priority encoder 104 and appended to the next data word B (step 804) . Data word B 
and its pointer 0 are coiiipared with the entries in the array (step 806) and a match 
is determined with the entry that is already stored at row 1. Thus, data word B is 
not written again into the array. The index 1 is output to the RBUS and appended to 
the next data word D (step 804) . Data word D and its pointer 1 are compared with 
the entries in the array (step 806) ar^ no match is determined. Thus, the sequence 
AB was previously stored in the array, but the sequence ABD was not. The process 
then transitions to step 902 of FIG. 9. At step 902, data word D and its pointer 1 
are provided to the write circuitry for writing into the array. At step 904, the 
next free address of 4 in the CAM array is stored in X. Data word D and its pointer 
1 are then written into row 4 (step 906), and index 4 is appended to data word E 
(step 910) . X is then updated to the next free address 5 in the CAM array (step 
906) . Data word E and its pointer 4 are then written into row 5 (step 906) and the 
process stops (steps 908 and 912). 

Detailed Description Text (22) : 

FIG. 10 is one embodiment of deleting or invalidating a data word chain from the 
array. The process will be described to delete chain ABCD from the array of FIG. 7. 
Initially, the process determines whether the data word chain exists in the array 
by performing a search operation (step 1002) and recording the pointer and index 
associated with each data word in the chain. This may be accomplished by using the 
process of FIG. 4 and recording the pointer and index associated with each data 
word A, B, C, and D of the chain. The index 3 of the last data word D is then 
compared with the pointers while the data words are masked by mask register (s) 112. 
If there is a match, then another, longer data word chain includes chain ABCD 
(e.g., if another data word chain of ABCDE was also stored in the array), and data 
word D will not be deleted and the process stops at step 1020. In this example, the 
index 3 does not match any of the pointers and variable X is set to data word D's 
pointer value of 2, and Y is set to the index value of 3 (step 1006) . Data word D 
is then deleted (step lOOS). X is then compa red with the pointers while the data 
words are masked (step 1010) . Since data word D and its pointer were already 
deleted or invalidated, there should be no match between the pointers and X. If, 
however, there is a match, then the process stops at step 1020 and an error 
condition may be signaled. Y is then updated with X (step 1012), and X is set to 
the pointer at an index of X (step 1014) . That is, X is set to the pointer of the 
next data word C up in the chain. For this example, the pointer 1 at address 2 
associated with data word C is loaded into X. Since X is not the null pointer (step 
1016), data word C is deleted (step 1008). X is then cornpared with the pointers 
while the data words are masked (step 1010) . Since data word C and its pointer were 
already deleted or invalidated, its data pointer will not generate a match. The 
pointer 1 associated with data word D of chain ABDE, however, will register a match 
indicating that a branch in the tree has been identified. As such, the process 
stops at step 1020 and does not delete data words A or B. Thus, data words C and D 
have been deleted, but data words A and B have remained valid in the array for 
chain ABDE. For an alternative embodiment in which chain ABDE did not exist in the 
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G 

array, then the process of FIG, 10 would continue through step 1016 until it is 
determined that X is the null pointer and the first data is then deleted at step 
1018. 



CLAIMS : 



1. A method of determining that a data word chain matches data stored in a a 
plurality of rows of content addressable memory (C7\M) cells of a CAM array, wherein 
the data word chain comprises a sequence of at least two data words, the method 
comprising: determining the address of a first row in the CAM array that stores (i) 
data matching a first data word in the data word chain and (ii) a first pointer 
value; and determining that a second row in the CAM array stores (i) data that 
matches a second data word in the data word chain and (ii) a second pointer value 
that corresponds to the address of the frrst row, the second pointer value being 
different from the first pointer value. 

2. The method of claim 1, wherein determining the address of the first row 
comprises comparincf the first data word with data stored in the CAM array. 

3. The method of claim 2, wherein determining the address of the first row 
comprises: appending a null pointer value to the first data word; and comparing the 
first data word and the null pointer value with the data and first pp_inte_r_ v^^ 
stored in the first row of the CAM array. 

5. The method of claim \, wherein determining that the second row stores data that 
matches the second data word and the second pointer value comprises: appending the 
address of the first row to the second data word; and comparing the second data 
word and the address of the fxrst row with the data and second pointer value stored 
in the second rov/ of the CAM array. 

8. A method of determining that a data word chain matches data stored in a 
plurality of rows of content addressable memory (CAM) cells of a CAM array, wherein 
the data word chain comprises a sequence of at least two data words, the method 
comprising: comp arino; a first data word and a corresponding null pointer with the 
data stored in the CAM array; determining that the first data word and the null 
pointer match data stored in a first row of the c;\M array; determining the address 
of the first row of the CAM array; appending the address of the first row to a 
second data word; comparinq the second data word and the address of the first row 
with data stored in the CAIvi array; and determining that the second data word and 
the address of the first row match data stored in a second row of the CAM array. 

12. A method of writing a data word chain into a plurality of rows of content 
addressable memory (CA^4) cells of a CAM array, wherein the data word chain 
comprises a sequence of at least two data words, the method comprising: determining 
the address of a first rov^r in the CAM array that does not store valid data; writing 
a first data word of the data word chain and a first poi nter value to the f ir st row 
in the CAM array; and writing a second data word of the data word chain and a 
second pointer value to a secoj;ia__row in 

corresponding to the ad dress of t he first r ow and being different, from, the first 
pointer value . 

13. The method of claim 12, further comprising determining the address of the 
second row before writing the second data word and the second pointer 
second rovj. 



14. The method of claim \7. , wherein writing the first data word and the first 
pointer value to the first row in the CAM array comprises: appending a null pointer 
to the first data word; and writing the null pointer and the first data word to the 
first row in the CAM array. 
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33. A method of invalidating one or more valid data words of a data word chain 
stored in a content addressable memory (CAM) array, wherein the data word chain 
comprises a sequence of n data words each stored in a unique row of CAM cells of 
the CAM array, where n is an integer greater than one, and wherein each data word 
has an associated pointer stored in the same row as the corresponding data word, 
the method comprising: (a) determining that the CAM array stores the data word 
chain; (b) comparinq the address of the row in the CAM array that stores the nth 
data word with the pointers of each of the data words; (c) setting x equal to the 
pointer of the nth data word; (d) setting y equal to the address of the row in the 
CAM array that stores the nth data word; (e) invalidating the data word at address 
y^' (f) c:o:fnpari:c]g' x with the pointers of the remaining valid data words; (g) setting 
y equal to x; (h) setting x equal to the pointer at the address of x in the CAM 
array; and (i) repeating (e)-{h), inclusive, until x is equal to a null pointer 
associated with the first data word of the data word chain. 

35. A method of invalidating one or more valid data words of a data word chain 
stored in a content addressable memory (CAM) array, wherein the data word chain 
comprises a sequence of n data words each stored in a unique row of CAM cells of 
the CAM array, where n is an integer greater than one, and wherein each data word 
has an associated pointer stored in the same row as the corresponding data word, 
the method comprising: (a) determining that the CAM array stores the data word 
chain; (b) comparinq the address of the row in the CAM array that stores the nth 
data word with the pointers of each of the data words; (c) setting x equal to the 
pointer of the nth data word; (d) setting y equal to the address of the row in the 
CAM array that stores the nth data word; (e) marking the data word at address y for 
invalidation; (f) c arapaj^;]^^ q x with the pointers of the remaining valid data words; 
(g) setting y equal to x; (h) setting x equal to the pointer at the address of x in 
the CAM array; (i) repeatiiig (e)-(h), inclusive, until x is equal to a null pointer 
associated with the first data word of the data word chain; and (j) invalidating 
all marked data words, 

36. A method of invalidating one or more valid data words of a data word chain 
stored in a content addressable memory (CAM) array, wherein the data word chain 
comprises a sequence of n data words each stored in a unique row of CAM cells of 
the CAM array, where n is an integer greater than one, and wherein each data word 
has an associated pointer stored in the same row as the corresponding data word, 
the method comprising: (a) determining that the CAM array stores the data word 
chain; (b) comparincj the address of the row in the CAM array that stores the nth 
data word with the pointers of each of the data words; (c) setting x equal to the 
pointer of the nth data word; (d) setting y equal to the address of the row in the 
CAM array that stores the nth data word; (e) marking the data word at address y for 
invalidation; (f) comparing x with the pointers of the remaining valid data words; 
(g) setting y equal to x; (h) setting x equal to the pointer at the address of x in 
the CAM array; (i) repeating (e)-(h), inclusive, until x the result of (f) 
indicates more than one match; and (j) invalidating all marked data words. 

42. A method of writing a data word chain into an array of content addressable 
memory (CAM) cells within a CAtM device, the method comprising: storing a first data 
word of the data word chain in a data field of a first row of the CAM cells; 
storing a null pointer value in a pointer field or the first rov; of the CAM cells; 
and storing a second data word of the data word chain in a data field of a second 
row of the CAM cells. 

43. The method of claim 42 further comprising storing an address of the first row 
of CAK cells in a point er !:ie ld ok the second row of the CAM cells. 



http:/Avestbrs:9000/bin/cgi-biii/accLiin_queiy.pl?MODE=%20%20%20%20Display%2^^^^ 6/3/04 



